In 2001, galls were analysed of Pemphigus spyrothecae Pass. taken in one-to three-week intervals from Populus nigra and P. nigra var. italica at 4 localities in Brno. Fundatrices matured in the first half of June and during the first half of summer produced about 50 offsprings. Virgines produced about 10 offsprings which grew up in winged sexuparae. The winged individuals started to occur in galls from the beginning of August. In galls with intact development, on average 500 aphids developed. Galls with intact development on P. nigra var. italica reached larger average dimensions and contained at least by 4% more aphids than galls on P. nigra. About 5% of fundatrices died already in the 1 st instar and other 3 to 6% in higher instars by the beginning of reproduction. At localities under investigation, 7.5 to 39.0% of galls on P. nigra and 3.9 to 13.7% of galls on P. nigra var. italica were occupied by the fly Leucopis puncticornis Meig. (Chamaemyiidae). About 24.3 to 32.2% of galls on P. nigra and 23.3 to 49.3% of galls on P. nigra var. italica were occupied by the bug Anthocoris minki Dohrn (Anthocoridae). Hover flies Heringia heringi (Zett.) and Pipiza festiva Meig. (Syrphidae) killing aphids in 3.8 to 30.4% of galls on P. nigra and 6.5 to 6.8% of galls on P. nigra var. italica were an important regulator. In August (i.e. at the beginning of the formation of winged sexuparae), the majority of galls opened through primary slit-shaped or oval emergence holes. A part (7.8 to 19.5%) of galls with so far intact development, however, remained closed and all aphids contained in them died. Diseases (particularly mycoses) often participated in the accelerated dying of aphids. The effect of mortality factors on the gall size differentiation was evaluated in details. The galls do not cause any leaf area reduction. In the case of mass outbreak, they decrease decorativeness of poplars in street alleys. In August and September, liquid excrements fall out from the galls (honeydew) polluting the environment in villages and housing estates.
JOURNAL OF FOREST SCIENCE, 48, 2002 (6): 248-270 In the Czech Republic, aphids of the family Pemphigidae (= Eriosomatidae) are represented by at least 31 species comprising 5% of all aphid species (Aphidinea). The majority of the family representatives is diecious (or heteroecious). Such species migrate from primary hosts (tree species) where they form galls characteristic in their size and shape to roots of secondary hosts (herbs or tree species). Only few species are monecious, i.e. with life cycle occurring on one host species only. They develop intensively particularly in spring and in the first half of summer on rapidly growing plant organs (growing points and leaves including petioles). Hereditarily fixed migration of diecious species of aphids is undoubtedly related to fast changes occurring during the growing season in gall tissues (PAŠEK 1954) . On the other hand, the development of galls and offsprings of monecious species of the family Pemphigidae proceeds much more slowly. And just the aphid Pemphigus spyrothecae Pass. = P. spirothecae Pass. belongs to such species.
P. spyrothecae is a holocyclic species (i.e. a species with a complete generation cycle including sexuales) that develops exclusively on a primary host. The generation cycle consists of the following forms: fundatrix, virgines, sexuparae and sexuales. It produces well-known spirally twisted true galls on petioles (exceptionally on young shoots) of poplars Populus nigra L. and particularly P. nigra L. var. italica (Figs. 1 to 3 ). The aphid is also reported in P. × berolinensis Dipp. (RUPAJS 1989) and rarely in P. robusta C.K. Schneid., P. serotina Htg., P. simonii Carr., P. balsamifera L. and related species (BUHR 1965) . The occurrence of the aphid corresponds with the wide European distribution of its main host species. Only recently, the aphid was unintentionally introduced into North America (ALLEYNE, MORRISON 1977) .
In the centre of its European range as well as in several regions of North America, P. spyrothecae is considered to be an abundant species that often shows mass outbreaks and sometimes is harmful. These facts (together with easy determination according to galls) have caused that there are relatively many data on the occurrence, bionomics, generation conditions and coenotic relations in the literature. A number of special papers deals with this species (e.g. GERHARDT 1922; TÓTH 1937 TÓTH , 1939 ROBERTI 1938; LAMPEL 1968 LAMPEL /1969 GUSIC 1969; CHAN, FORBES 1975; MARCU et al. 1993; FURK, PRIOR 1975; PERKINS 1997; RIPKA et al. 1998, etc.) . New findings on the bionomics of sexuparae and sexuales were presented particularly by FOSTER and BENTON (1992) . Information on gall induction caused by the effect of toxic substances in aphid saliva was given e.g. by LECLANT (1998) .
The control role of aphidophagous hover flies in galls of P. spyrothecae was studied by KURIR (1949 KURIR ( /1950 KURIR ( , 1963 and DUŠEK and KŘÍSTEK (1959) . The defensive behaviour of the caste of robust-leg larvae of the 1 st instar ('soldiers') to aphidophagous predators and the potential reproduction function of larvae with normal hind legs were described by AOKI and KUROSU (1986) . The capability of 'soldiers' to protect effectively aphids in galls against larvae of the 1 st instar of the ladybird Adalia bipunctata (L.), bugs Anthocoris nemoralis (F.) and A. minki Dohrn and young larvae of the 3 rd instar of the hover fly Metasyrphus corollae (F.) was experimentally demonstrated by FOSTER (1990) . The primary role of 'soldiers' in the protection of colonies of aphids against bugs A. nemoralis, A. minki and hover flies Episyrphus auricollis (Meig.) and Syrphus ribesii (L.) was described by FOSTER and RHODEN (1998) . In Central Europe, A. minki is considered to be an important predator of aphids from the family Pemphigidae. In Great Britain, however, its occurrence was proved as late as in 1980-1982 just in the galls of P. spyrothecae on P. nigra var. italica in London (JESSOP 1983) . JASNOŠ (1978) mentioned a species Protaphelinus nikolskaja Iasn. (Aphelinidae) which parasitized on the aphid.
The basic description of galls (sporadically also their originators) and the most important data on the occurrence and development or harmfulness of P. spyrothecae are also brought by many summary cecidiological, entomological and entomological/forest protection papers (e.g. SCHWERDTFEGER 1944 SCHWERDTFEGER , 1970 BÖRNER 1952; GUSEV, RIMSKIJ-KORSAKOV 1953; PFEFFER et al. 1954; BAUDYŠ 1954; GÄBLER 1955; BUHR 1965; SZELEGIEWICZ 1968; LAMPEL 1960; STEFFAN 1972; KOEHLER, SCHNAIDER 1972; VASILJEV et al. 1975; RUPAJS 1989; BLACKMAN, EASTOP 1994; UHLÍŘOVÁ et al. 1996, etc.) .
Despite the existence of numerous papers, existing findings on P. spyrothecae show considerable gaps in many aspects. For example, the process of the formation of galls by the sucking of fundatrices and their offsprings is relatively little known and complicated. The reproduction potential of the aphid and its population dynamics including some control factors have not been satisfactorily revealed. Findings on the effect of galls on the size of the leaf assimilatory area and drying up and leaf fall and thus also on the growth and total health conditions of host trees are also incomplete.
The paper brings some new findings on the development and size of galls of P. spyrothecae on P. nigra and P. nigra var. italica in Brno. Special attention has been paid to factors participating in a decrease in the population density of the aphid. The effect of galls on the dimension of leaf blade and petiole length was studied in general.
MATERIAL AND METHODS
The paper is based on the results of laboratory analyses of P. spyrothecae galls that were taken in 1-to 3-week intervals from Populus nigra and P. nigra var. italica in Brno during the growing season 2001. In the period from 10 June to 25 August (including), galls were obtained from three older P. nigra and three older P. nigra var. italica trees growing in a riparian and accompanying stand differentiated from the aspect of species, age and space (altitude 205 to 210 m) along the Svratka river in the cadastre of the Brno-Komín and Brno-Jundrov urban district. In the rich mixture of trees, Populus alba L., Salix fragilis L., S. alba L., S. × rubens Schr., Alnus glutinosa (L.) Gaertn. and Ulmus laevis Pall. were also represented. Galls occurred mainly in the lower (ground) parts of crowns. Galls of different size and form were sampled including leaf blades regardless of their position with respect to cardinal points. Sets of galls from P. nigra and P. nigra var. italica were taken usually on the same days, however, their examination was always carried out separately. On particular inspection dates, at least 130 and maximally 327 galls were analysed at the locality.
On 25 August 2001, all available galls of P. spyrothecae in Brno-Komín and Brno-Jundrov were used for laboratory analyses. From 7 September to 12 November, the galls from three medium-aged poplars P. nigra growing along a busy road in a nearby housing estate in BrnoŽabovřesky were examined. From the poplars, at least 53 and maximally 218 galls were taken and examined in the laboratory on particular dates. A relatively small number of galls (53) analysed on 12 November was caused by leaf fall and their removal within the standard maintenance of areas of public greenery.
On 7 November 2001, an inspection was carried out of P. spyrothecae galls occurring less abundantly on overmature poplars P. nigra var. italica in a street alley in Brno-Černá Pole. In 2001, sporadic galls of the aphid were also observed on two medium-aged P. nigra var. italica at Bílovice nad Svitavou (District Brno-venkov). Leaves of both poplars were attacked on a mass scale by P. bursarius (L.) and P. populinigrae (Schrank) (= P. filaginis (B. de Fonsc.) and rarely by P. lichtensteini Tullgr. and P. populi Courch. The results of the study of these aphidocecidiae and their originators are not, however, included in the paper.
In the laboratory, the position of galls on a petiole was recorded at first. The galls were clipped off from leaf blades and analysed individually under a microscope. Their length and width (and/or gall wall thickness) in mm were measured. The presence and size of fundatrices, virgines and sexuparae were examined. The number of living apterous and macropterous individuals was recorded both in galls with intact development and in galls occupied with insect predators, in galls with dying and dead aphids owing to the late opening of galls, entomophagous fungi, etc.
Galls occupied with the predatory fly Leucopis puncticornis Meig., the predatory bug Anthocoris minki Dohrn (det. by Dr. J. Stehlík, Brno) and aphidophagous hover flies Heringia heringi (Zett.) and Pipiza festiva Meig. were examined carefully in particular. The number of predators, their length (in mm) and the number of exuviae were also recorded. The number of hover fly eggs laid on the surface of galls was determined in a sample of 237 galls taken on 1 October 2001 on P. nigra in BrnoŽabovřesky. The appearance and position of emergence holes were also examined in the set of galls. The effect of galls on the leaf blade size and petiole length was examined on 1 October 2001 on 350 leaves with galls and 350 leaves without galls. The compared sets came from the same parts of the crown and the same sections of branches of the poplar P. nigra in Brno-Žabovřesky.
On 15 November 2001, puparia of L. puncticornis and grown-up larvae of hover flies including galls of P. spyrothecae were placed into 4 glass dishes 12 cm in diameter and 5 cm in height and covered with monofilament fabric above. Predators wintered under outdoor conditions (in a paper box protected outside by a plastic wrap).
From 10 June to 12 November 2001, some 2,587 galls were analysed in detail in the laboratory and partial laboratory examinations were carried out on other 178 galls (Table 1) .
RESULTS AND DISCUSSION

LIFE CYCLE
Pemphigus spyrothecae is a holocyclic monoecious species. Its development occurs on a primary host, i.e. usually Populus nigra var. italica and P. nigra. Eggs laid in autumn by fertilized females of the generation sexuales are a wintering developmental stage. These apterous females lay one large thick-walled egg only especially into slits of the stem and branch bark of host trees. According to CHAN and FORBES (1975) , they can lay eggs even under the thallus of the lichen Cetraria sp. growing on the bark of host trees.
At the beginning of flushing of poplar leaf buds (usually in mid-April), fundatrices representing individuals of the 1 st generation emerge from the eggs. The 1 st instar of fundatrix is about 0.5 mm long, glaucous with well developed hind legs and 4-segment (almost 0.1 mm long) antennas. Gall length Larvae of the instar move to the most burst buds where they begin sucking. Preferentially they colonise petioles of the 3 rd and 4 th leaves (RUPAJS 1989) . Through salivary secretions discharged into incisions during sucking, the petioles bend first and soon twist right (seldom left). The first instar of fundatrix moults for the first time when the twisting of the petiole ends (i.e. about 2 weeks after eclosion). Generally, the petiole is twisted by 1 to 2 turns, i.e. by 360 to 720 degrees. Due to the petiole swelling and lengthening gradual prolongation and extension of the turns and sealing of the forming gall occurs. In the cavity of a spiral gall, the fundatrix moults still three times and matures. In about 0.8% of galls analysed in our laboratory, 2 fundatrices occurred together.
The mature fundatrix is 1.5 to 2.2 mm long, dully yellowish with 4-segment antennas about 0.22 mm in length. It has a well developed labium and stylets. At the studied localities in 2001, fundatrices matured in the first half (or the first two decades) of June, i.e. after about a 4-week sucking. On P. nigra (with larger leaves on average), they matured about one week earlier than on P. nigra var. italica (with smaller leaves on average). According to CHAN and FORBES (1975) , fundatrices in British Columbia mature from the second half of June to the beginning of July. Mature females are viviparous and reproduce parthenogenetically.
Fundatrices live relatively for a long time (about 2.5 months). According to TÓTH (1937), they produce about 75 (according to CHAN, FORBES 1975 about 100) offsprings of the 2 nd generation (virgines). Under natural conditions of the Brno region in 2001, the first individuals of the 2 nd generation occurred as early as at the beginning of June and by mid-July the predominant part of the generation was produced. In British Columbia, fundatrices reproduce as late as during July to September (CHAN, FORBES 1975) . Larvae of the 1 st instar are of two types: with robust hind legs and with normal hind legs (LAMPEL 1968 (LAMPEL /1969 . According to the author, the robust-leg larvae grow up to apterous imagoes (virginoparae) and larvae with normal legs to winged imagoes (sexuparae).
AOKI and KUROSU (1986) found that robust-leg larvae showed a protective role and, therefore they can be called Table 4 . The number of analysed galls (mean number of aphids in parentheses) P. spyrothecae with intact development in relation to their width. The percentage of the number of galls given in the last column (aphid number in parentheses) from the total number of galls (from the total number of aphids in parentheses 'soldiers'. In contrast to other known aphid species with 'soldiers', however, at least a part of the 'soldiers' of P. spyrothecae is not sterile because it matures into apterous adults producing the 1 st instar of larvae of both types (AOKI, KUROSU 1986).
The offsprings of fundatrices (i.e. the 2 nd generation of aphids) moult four times and mature to apterous females in the second half of July and in August (i.e. when the growth of galls ends - Table 2 ). These are up to 1.5 mm long, of light colour and distinguishable from a little larger fundatrices according to somewhat longer 6-segment antennas. According to TÓTH (1939), these females produce parthenogenetically about 30 offsprings of the 3 rd generation of aphids changing into macropterous sexuparae after the last ecdysis. Mature sexuparae show 6-segment antennas with transverse sensoria on the 3 rd and 4 th segments. Their body is relatively heavily sclerotized, the head and thorax are black and abdomen yellow-green. Winged aphids are about 2 mm long (with backward oriented wings about 3 mm). All aphids (except the 1 st instar) abundantly excrete wax fibres.
There were some 26 to 1,862 (on average 500) aphids in the examined galls with intact development of P. spyrothecae in the 2 nd half of August and in the 1 st half of September (Tables 3 and 4 ). According to TÓTH (1939) , there are on average even 1,380 aphids in galls at the end of August. From the 2 nd half of September, the average number of aphids in galls with intact development due to the exit of sexuparae gradually decreases up to midNovember when 10 aphids only were in galls (Fig. 4) . According to our findings, fundatrices produce about 50 offsprings and virgines about 10 offsprings, i.e. substantially less than given in literature. Galls with more than 1,000 aphids were sporadic and it was probable that such numerous colonies were established by 2 fundatrices.
Winged sexuparae occurred at studied localities in galls from the beginning of August, at the end of August and in September being most numerous. The percentage of winged individuals (from the total number of aphids in galls with intact development) gradually increased up to a value of about 25% from August to October (November) ( Table 5 ). The table shows that the average number of winged aphids in galls with intact development increases with gall size (from 1.5 aphids in galls 8 mm long up to 65.0 aphids in galls 25 mm long). The percentage of winged aphids, however, decreases with increasing length of galls, viz. from 9.4 (in galls 8 to 11 mm long) to 5.1% (in galls 20 to 25 mm long) (Table 5) .
According to STEFFAN (1972) and others, not only the whole progeny produced by virgines but also larvae produced by fundatrices at the end of the period of reproduction develop to winged sexuparae. Mature sexuparae leave galls through slit-shaped holes and on the bark of the primary host tree they produce (always onto one place) a small number of males and females of the sexuales progeny (i.e. the 4 th generation of aphids). According to CHAN and FORBES (1975) , sexuparae produce maximally 6 females and 2 males and then die. The female produces on average 7 offsprings in 114 minutes (FOSTER, BENTON 1992) . According to the authors, males moult four times during 42 hours (females during 51 hours). During the period, individuals of both genders are immovable.
The imagoes of sexuales are very small (over 1 mm in length), light-green, apterous, with 4-segment antennas. Males appear several hours earlier than females. Soon 18.8 100.0 (7.4) (7.4) after eclosion, adults mate. Fertilized females begin to excrete wax fibres and search for suitable slits in bark. The females lay into them always one egg densely covered with wax fibres. The eggs are initially whitish, later on dark-brown. Males live usually less than 3 days, females 5 days (FOSTER, BENTON 1992). Sexuales do not take any food and, therefore, their mouth parts are stunted.
LOCALIZATION OF GALLS
The majority of galls of P. spyrothecae on P. nigra var. italica (and often also on P. nigra) at localities under investigation occurred in basal parts of crowns. Usually 1 gall occurred per petiole, exceptionally up to 3 galls. In a riparian and accompanying stand along the Svratka river, 1 gall occurred in 95.7% (and 2 galls in 4.3%) of infested leaves. On P. nigra var. italica, 1 gall occurred in 96.5% (and 2 galls in 3.5%) of infested leaves at the locality. On P. nigra in Brno-Žabovřesky, 1 gall occurred in 81.7, 2 galls in 15.9 and 3 galls in 2.4% of infested leaves. On P. nigra in Brno-Komín, galls of P. spyrothecae occurred often together with galls of P. populinigrae (Schrank) in the same leaves. On the petioles of several leaves of P. nigra var. italica in Bílovice nad Svitavou, galls of P. spyrothecae occurred together with 1 to 2 galls of P. bursarius (L.). If compared with galls of P. bursarius, galls of P. spyrothecae were located on petioles always more closely to the leaf blade (see also PERKINS 1997).
Galls of P. spyrothecae were localized in various parts of petioles. The majority (50.3%) of galls occurred in the 3 rd quarter of the petiole and much fewer (25.3%) galls in the 4 th quarter of the petiole (i.e. close to the leaf blade). In the 2 nd quarter and in the basal quarter of the petiole, 18.9 and only 5.5% of galls, respectively were located. No differences were found in the localization of galls on P. nigra and P. nigra var. italica (Table 6 , Fig. 5 ).
SIZE OF GALLS WITH THE INTACT DEVELOPMENT OF APHIDS
The beginning of the formation of P. spyrothecae galls occurs within the period of poplar budbreak being considerably dependent on weather. At localities under investigation in 2001, galls closed in mid-May and as early as in mid-June reached a half of their final size (Fig. 6) . Growth of galls continued in July and ended in August. Galls with intact development on P. nigra var. italica reached a greater average size (i.e. in August) after finishing their growth than galls on P. nigra. Galls on P. nigra var. italica in Brno-Komín and Brno-Jundrov were on average 15.5 mm long and 10.0 mm wide and in Brno-Černá Pole 15.3 mm long and 9.8 mm wide. On the other hand, galls on P. nigra in Brno-Komín and Brno-Jundrov were only 13.2 mm long and 9.3 mm wide and in Brno-Žabovřesky only 13.7 mm long and 9.0 mm wide. It means that galls with intact development on P. nigra var. italica were on average by 14.9% longer and by 8.8% wider than on P. nigra. Galls quite abandoned by aphids rank also in the category of galls with intact development. These galls were evaluated in the paper separately. With respect to an average size (13.9 × 9.0 mm), abandoned galls do not differ from other galls with intact development (Table 2) .
The size of galls (i.e. length and width) with intact development is related to the abundance of aphid colonies (Tables 3 and 4 , Fig. 7 ). With increasing size of galls the number of aphids in galls on P. nigra and P. nigra var. italica significantly increases. The abundance of aphid colonies in galls with intact development on both host species was compared in August 2001 (i.e. in the period of culmination of aphid quantity). While in galls on P. nigra there were on average 328.8 and 458.2 aphids on 8/8 and 25/8, respectively, on P. nigra var. italica there were on average 493.8 and 513.8 aphids on 8/8 and 25/8, respectively (Table 3) . It follows that in galls on P. nigra var. italica, at least by 4% more aphids develop than in somewhat smaller galls on P. nigra.
The conclusion, however, does not correspond with the results of analyses of galls taken on P. nigra in BrnoŽabovřesky on 7 September. On that date, an extraordinarily high average number of aphids (523.7) was derived from mere 26 galls with intact development (Tables 1 and 3 ).
SIZE OF GALLS WITH THE DISTURBED DEVELOPMENT OF APHIDS
In the place of sucking of fundatrices, the petioles of young freshly flushed leaves bend, twist and swell (GER-HARDT 1922). Through the hypertrophy and hyperplasia of petiole tissues the formation of a closed spirally twisted gall occurs. The galls grow intensively by the continuing sucking of fundatrices. In the period of maturation of fundatrices and production of the first offsprings the galls reach roughly their half size. From the beginning of June, aphids of the 2 nd (and later to a smaller extent also of the 3 rd ) generation take part in the next growth of galls. The growth of galls with intact development ceases during August.
It happens rather frequently that a part (in Brno about 5%) of fundatrices dies for various reasons (e.g. due to predatory aphids) already in the 1 st instar, i.e. in the period of the bending and twisting of petioles. Another part of fundatrices (in Brno-Komín and Brno-Jundrov about 6%, in Brno-Žabovřesky about 3%) dies in the next instar even before the beginning of reproduction (Table 1) . After their death, petiole deformities and already closed small galls stop to change their size and form. At the studied localities, the mean length of undeveloped galls (bent and twisted petioles) was 4.2 mm and width 3.1 mm. The mean length of closed galls with died immature fundatrices amounted to 6.0 mm and width 4.8 mm (Table 2) . The size differentiation of galls is also affected by the later death of fundatrices and their offsprings if, of course, the death occurs still in the period of intensive assimilatory activity of trees (in June to July or at the beginning of August). While the galls with intact development of aphids grow in this period rapidly, galls occupied with insect predators stop their growth. In the studied semi-grown galls (i.e. already in the 1 st half of June), larvae of the predatory fly Leucopis puncticornis Meig. occurred very often (Table 7) . These larvae killed the majority of aphids in occupied galls by the beginning of August. With respect to the relatively early disposal of aphid colonies the galls stopped to grow already during July. The grown-up galls with a fly were on average only 11.8 mm long and 8.1 mm wide. Against the galls with intact development, they were 16.9% shorter and 12.0% narrower (Table 2) .
Bugs Anthocoris minki Dohrn belong to ordinary predators of P. spyrothecae in Brno region. The bug gets through primary fissures into galls from June to November (Tables 8 and 9 ). It begins to appear in galls at the same time as L. puncticornis and causes similar reduction of gall size. Grown-up galls with a bug were on average 11.9 mm long and 8.2 mm wide ( Table 2) .
The best-known natural regulators of P. spyrothecae are predatory hover flies Heringia heringi (Zett.) and Pipiza festiva Meig. Both predators occupy galls and kill aphid colonies much more later than L. puncticornis. Therefore, their final size does not differ significantly from galls with intact development. The analysed grown-up galls with hover fly larvae were on average 13.8 mm long and 9.0 mm wide (Fig. 8) . Against the grown-up galls with intact development, they were on average only by 2.8% shorter and 2.2% narrower (Table 2) . KURIR (1963) mentioned the more abundant occurrence of H. heringi and P. festiva larvae in large galls of P. spyrothecae, however, his assumption was not supported by measurements of galls.
Dynamics of the growth of galls at the localities under study was also rather frequently affected by common action of L. puncticornis and A. minki or by a not specified caterpillar from the family Pyralidae. Spiders (Araneida), another predatory insects and birds showed negligible effects on the gall size differentiation. Insects ate mainly tiny galls of average size of 8.1 × 5.9 mm whereas birds pecked out the largest galls only of average size of 14.7 × 10.1 mm.
Galls with dying and dead aphids owing to the late opening of galls appear to be a special category. In the 2 nd half of July, in August and in the 1 st half of September, aphids produce considerable amounts of whitish-grey dropletlike excrements. In August, the edges of 0.5 to 3 mm thick gall walls somewhat open by a slit-shaped or oval hole 1 to 5 mm in length and 0.3 to 0.5 mm in width. The beginning of opening the galls corresponds with the beginning of the formation of winged sexuparae (Fig. 9) . Through the exit holes, excrements are partly removed from galls and the inner space of galls is ventilated. However, if the early or adequately large opening of the galls does not occur, small droplets of a diameter of 0.1 to 1 mm accumulate in the gall gradually merging into larger droplets (as large as 10 mm in diameter). The environment of aphids impairs gradually to such an extent in these galls that their colonies die during September and October. Physiologically weakened aphids are often subject to diseases (mainly viroses and mycoses). As the restriction of living functions of aphids in unopened galls occurs after the gall growth culmination only, the galls reach rather considerable dimensions (about 12.7 × 8.7 mm) ( Table 2) .
OPENING OF GALLS
In the 2 nd half of August (i.e. after growth termination) galls usually open. The shape and position of emergence holes are given in Table 10 . The majority (36.3%) of galls open through a slit-shape hole and a large part (24.9%) through a slit-shape and oval hole (Fig. 10.) . 16.9% of galls are opened through one oval hole (less frequently through three holes) on the distal end, 3.0% of galls are opened through a hole on the base of the gall and 4.6% of galls through a hole in the central part. Some 14.3% of galls remain without any hole until winter. It is of interest that the majority of oval holes occurs in the lower part of galls. So the aphids can remove excrements more easily (Table 10) .
Galls with intact development always usually open through one oval or oval/slit-shaped hole. Galls with larvae of hover flies and with bugs also always open, viz. by a slit-shaped or oval hole and/or by both holes. Only Galls with a dead sexually immature fundatrix and the majority of galls with aphids drowned in their own excrements do not open in the current year. The markedly oval form of many emergence holes and their predominant localization in the bottom (distal) part of galls signal that aphids probably participate in their formation (perhaps by the mechanical irritation of tissues around the mouth).
CONTROL FACTORS
Through various regulation factors (particularly insect predators, late or insufficient opening of galls and disease originators) the proportion of galls with the intact development of P. spyrothecae gradually decreases from 100% to about 8% during June to October (Fig. 11) .
Leucopis puncticornis Meig.
The fly Leucopis puncticornis Meig. (Chamaemyiidae) ranks among the most abundant and most important predators of apterous forms of the studied aphid in galls on P. nigra and P. nigra var. italica in Brno. The larvae of the fly attacked 7.5 to 15.4% of galls on P. nigra and 4.0 to 13.7% of galls on P. nigra var. italica in Brno-Komín and Brno-Jundrov in 2001. Most galls (25.2 to 39.0%) were attacked by the fly on P. nigra in Brno-Žabovřesky, least (3.9%) on P. nigra var. italica in Brno-Černá Pole (Tables 1 and 7 ). In the small part of galls, together with L. puncticornis bugs A. minki were found. Some 0 to 6.5% (on average about 2.0%) of all galls were occupied by both predators in particular controls. In contrast to the larvae of hover flies Heringia heringi and Pipiza festiva, one L. puncticornis larva only can be developed in one gall. The first larvae of L. puncticornis occur in P. spyrothecae galls as early as at the beginning of June, i.e. at the beginning of the period of reproduction of fundatrices. During June and July, the larvae of the fly rapidly develop so that at the end of July and at the beginning of August, the first puparia occur in galls (Fig. 12) . The first grown-up larvae 5 to 5.5 mm in length occur sporadically even in the 2 nd half of August. The larvae finally kill the fundatrix during their development and usually all its offsprings. In 20% of attacked galls only about 0.2% aphids survive.
At the end of summer and in autumn, winged individuals (sexuparae) can therefore occur sporadically with the fly puparia in galls. The galls are mostly closed in autumn. The fly winters in galls as a puparium and later develops in spring of the next year.
Puparia of L. puncticornis are 2.9 to 3.8 mm (on average 3.7 mm) long, brown, white-mealy. Their size increases with gall dimensions (Fig. 13) . Puparia of the fly were found in galls of P. spyrothecae rather infrequently by DUŠEK and KŘÍSTEK (1959) at 5 localities in southern Moravia. According to the authors, the regulatory importance of the predator is small.
Anthocoris minki Dohrn
A tiny (max. 4 mm long) predatory bug Anthocoris minki Dohrn (Anthocoridae) is a common predator of P. spyrothecae (Fig. 14) . Its abundant occurrence and decimating effects on the colonies of the aphid were mentioned e.g. by TÓTH (1939) and DUŠEK and KŘÍSTEK (1959) . FOSTER (1990) and FOSTER and RHODEN (1998) reported on the effective defensive role of robust-leg larvae of the 1 st instar of the aphid to insect predators (including A. minki).
The bug occurs abundantly from spring to autumn. It attacks all developmental stages of the aphid both in galls and outside them. The bug penetrates into galls even through minute slits killing always the whole aphid colony in the gall (Table 8 ). On P. nigra and P. nigra var. italica in Brno-Komín and Brno-Jundrov, the bug occupied 32.2 and 23.3% of galls, respectively, until 25 August 2001. On P. nigra in Brno-Žabovřesky, it occupied 24.3% of galls until November and on P. nigra var. italica in Brno-Černá Pole even 49.3% of galls (Table 9 ). The bugs occurred less abundantly also in galls occupied with the fly L. puncticornis and as a rarity also in galls with larvae of hover flies. In galls with bugs, on average 0.1 to 2.0 living bugs were present. The highest mean number of living bugs (2.0) was found in galls on P. nigra in Brno-Komín on 25 August 2001. Even 10 bug nymphs were found per gall there. In the case of food shortage, the bugs leave galls completing their development in other suitable galls. Galls with bugs are always partly open by a slit-shaped or oval hole or by both holes.
The length of A. minki bugs gradually increases from 0.9 to 3.5-4 mm (on average 3.7 mm) during June to November (Fig. 15) . The bugs moult in galls and the exuviae remain in the galls. The first exuviae were found in the studied galls in August. For example in galls on P. nigra in Brno-Žabovřesky, about 2.5 (max. 15) exuviae were found on 12 October 2001. In galls on P. nigra var. italica in Brno-Černá Pole, about 2.6 (max. 12) exuviae were observed on 7 November 2001 ( Table 9 ). The adults of the bug occurred in galls as late as in the 2 nd half of August and their number increased until November. Imagoes winter at dry hidden places outside galls. Their development is univoltine.
Heringia heringi (Zett.) and Pipiza festiva Meig.
According to DUŠEK and KŘÍSTEK (1959) , hover flies Heringia heringi (Zett.) and Pipiza festiva Meig. (Syrphidae) are common predators of aphids of the genus Pemphigus. They are fully adapted to the life in cecidia so that it is not possible to keep them successfully on freeliving aphids (DUŠEK, LÁSKA 1966) . KURIR (1949 KURIR ( /1950 deals with the occurrence and bionomics of Heringia virens (F.) and P. festiva in galls of P. spyrothecae on P. nigra var. italica in the environs of Vienna. According to KURIR (1949 KURIR ( /1950 , 15 to 48% of galls were attacked by the hover fly larvae and in one gall, 1 (max. 3) hover fly usually developed. Through the inspection of the material obtained from KURIR, DUŠEK and KŘÍSTEK (1959) found that, as a matter of fact, it was not H. virens (F.) but H. heringi (Zett.). In 1957 and 1958, these authors studied the occurrence of larvae of H. heringi and P. festiva in a total of 10 localities in Bohemia, Moravia and Silesia. The lowest attack of galls (2.7%) was found in Brno- Černá Pole and the highest (36.2%) at Vojkovice in southern Moravia. At all localities (with the exception of one), the species P. festiva dominated as for its number. Its proportion in the total population of hover fly larvae amounted to 81% on average. Many new findings on the occurrence and biology of H. heringi and P. festiva were reported by KURIR (1963) in his further paper.
The bionomics of both hover fly species is very similar. Grown-up larvae winter on fallen poplar leaves and other components of the litter surface layer including broken twigs and stones, less frequently also in galls. Through the flattened ventral body side they are attached to smooth objects on their bottom (shaded) side by means of salivary gland secretions. They survive snow, ice and low temperatures (even -24ºC) very well (KURIR 1949 (KURIR /1950 .
With the advent of higher spring temperatures, the larvae pupate, viz. most frequently in the place of wintering. Only larvae wintering inside galls creep out from galls and settle down on galls, stones, fallen leaves, surface roots, etc. The eclosion of imagoes is preceded by the formation of droplet-shaped or pear-shaped puparia stuck on the base. The pupa period in H. heringi takes on average 10.5 days, in P. festiva 13.5 days (KURIR 1963) . In the environs of Vienna, H. heringi emerges from 5 May to 3 August and P. festiva from 5 May to 20 August and adults of both species live 6 days on average (KURIR 1949 (KURIR /1950 (KURIR , 1963 .
Imagoes visit flowers of various plants and feed on their pollen or nectar. During the obligatory maturation feeding, they sexually mature and after copulation taking place in the air (like in other hover flies) females lay chalky and conspicuous eggs. They are placed most frequently into helical notches or various depressions on the gall surface (Fig. 1) . Eggs adhere to galls with their chorions for a long time even after their eclosion, namely until the autumn leaf fall. On 1 October 2001, 1 to 11 (on average 3.1) emerged eggs occurred on galls on P. nigra in Brno-Žabovřesky. From the total number of 237 galls under investigation 182 (76.8%) galls were laid by hover flies (Table 11) while growing and grown-up hover fly larvae occupied 56 (23.8%) galls only. From 562 eggs laid on 182 galls almost 100% larvae of the 1 st instar emerged, however, 56 (10.0%) larvae only successfully developed in galls. The majority (90%) of larvae died, namely particularly when looking for holes to penetrate into galls. High (73%) mortality of hover flies (mainly in the stage of the 1 st instar) was also found by DUŠEK and KŘÍSTEK (1959) .
The hover fly larvae undergo 3 growth stages during their development and grow up in October (Fig. 16) . Usually 1 larva develops in one gall. For example on 7 September 2001 in Brno-Žabovřesky, 74.3% galls were occupied with 1 larva, 23.1% galls with 2 larvae and 2.6% galls with 3 larvae. The larvae totally suck aphids (fundatrices, virgines and sexuparae) except the integuments. The highest consumption was observed in larvae of the Table 9 ). Brno, 2001
8.8. 3 rd instar that occurred at the studied localities from midAugust to mid-October or even later. They gradually killed all (or almost all) aphids so that at the end of October and at the beginning of November, no living aphids usually occurred in galls with hover flies (in contrast to galls with intact development) ( Table 12 , Fig. 17 ). The table shows that the percentage of living winged aphids in galls with intact development is usually much higher than that in galls with larvae of hover flies. The hover flies preferentially suck larger apterous aphids including winged sexuparae. Therefore, in galls occupied with larvae of hover flies the fractional part of aphids only can successfully complete its development.
Galls with larvae of hover flies are the second largest category (from the size aspect) of galls after galls with intact development (Table 2) . Galls of P. spyrothecae are occupied with hover flies usually as late as at the end of spring and in the 1 st half of summer, i.e. in the period of intensive growth of galls. In high summer when the growth of galls gradually ceases, the abundance of colonies of aphids in galls with larvae of hover flies is roughly 50% lower than in galls with the intact development of aphids. With increasing dimensions of hover fly larvae the abundance of living aphids in galls decreases (Tables 12 and 13 ). With the size of galls the abundance of aphid colonies in galls with intact development significantly increases (Tables 3 and 4) . Therefore numerous colonies of aphids in large galls satisfy better high food requirements of hover fly larvae. Moreover, large galls offer more favourable spatial and microclimatic conditions for their development (particularly optimum air humidity and darkness). In small galls, larvae of hover flies often suffer from the shortage of food and too low moisture of the environment. Such larvae lag behind in growth and sometimes also die. Under laboratory conditions, semigrown starving larvae often left galls and through primary emergence holes they penetrated into other galls where they completed their development.
Grown-up larvae of hover flies leave galls in October and in the 1 st half of November, i.e. in the period of leaf fall. A part of larvae leaves the galls already on a tree and another part on the soil surface after leaf fall. However, the small part of larvae does not leave galls at all in autumn and winters in the galls. The larvae further develop after a long diapause that takes 7 to 8 months (according to KURIR 1963) . Both species of hover flies always show univoltine development.
In a riparian and accompanying stand in Brno-Komín and Brno-Jundrov, the larvae of hover flies occupied 3.8% of galls on P. nigra and 6.8% of galls on P. nigra var. italica. On P. nigra in Brno-Žabovřesky, the larvae occupied 13.2 to 30.4% (on average 24.5%) of galls and on P. nigra var. italica in Brno-Černá Pole 6.5% of galls (Table 1 ). The analyses show that the larvae of hover flies belonged to the most usual and most important predators of P. spyrothecae in Brno.
LATE OR INSUFFICIENT OPENING OF GALLS
All galls of P. spyrothecae with intact development, all galls with hover flies H. heringi and P. festiva, all galls with bugs A. minki and a smaller part of galls with puparia of L. puncticornis open through distinct holes from midAugust (see Chapter Opening of Galls and Table 10 ). By means of these slit-shaped or oval holes, galls are partly ventilated and through the holes, liquid excrements are partly removed from the galls by living aphids. Winged aphids (sexuparae) use the holes as emergence holes. It happens rather often that the holes in the galls are not formed in time or the holes are not sufficiently large. In these more or less closed galls, aphids produce excrements during August and September filling up the large part of the inner space of galls. The insufficient environment and excessive moisture negatively affect the vitality of aphids. They gradually die, often under interaction of polyhedral viruses and entomophagous fungi. DUŠEK and KŘÍSTEK (1959) mentioned a considerable importance of mycoses (caused mainly by Cephalosporium sp.). The authors found them on average in 13.4% (and in Brno-Černá Pole in 13.6%) of galls.
The primary cause of disintegration of so far normally thriving colonies of aphids is incongruity between the development of aphids and the course of opening the galls. It appears that originators of diseases are markedly of secondary character because they usually attack weakened or dying (in bacteria and fungi even dead) aphids. On P. nigra in Brno-Žabovřesky, in 7.8% of galls as a result of the above-mentioned disorders and on P. nigra var. italica in Brno-Černá Pole, aphids died even in 19.5% of galls (Table 1) . Late or insufficient opening of galls can therefore be ranked among important regulatory (control) factors of P. spyrothecae.
HARMFULNESS
The aphid P. spyrothecae is of a small economic importance (STEFFAN 1972) . It can cause greater damage mainly in parks (VASILJEV et al. 1975) . Host trees are considerably physiologically weakened by the mass occurrence of galls. The increment of trees is undoubtedly negatively affected by the formation of galls. Leaves with galls take up considerable amounts of assimilatory substances from host trees and prematurely wilt. In the case of the aphid outbreak, receptivity of affected trees to other pests, diseases and abiotic injurious agents increases. Studies carried out in Brno have shown that leaves with galls turn yellow and brown roughly 2 weeks earlier than leaves without galls. In spite of this, leaves with galls remain on trees usually for a longer time than leaves without galls. Petioles and galls (mainly galls with intact development) remain at least two weeks alive after the death of leaf blades, viz. mostly also a certain time after the leaf fall. Thus green petioles and predominantly green gall tissues partly compensate for the cut-off of assimilation caused by the premature death of leaf blades. CHAN and FORBES (1975) stated that leaves with galls fell sooner than leaves without galls.
The slower dying and decaying of galls with intact development allows the aphids to take food as long as 3 weeks after the death of leaf blades. For example on P. nigra in Brno-Žabovřesky, on average 20 aphids with delayed development occurred in 6.5 to 11.3% (on average in 8.2%) of galls with intact development even in the 2 nd half of October and the 1 st half of November 2001 (Tables 1 and 3 ). In autumn, the trophic potential of galls rapidly decreases with their gradual dying and aphids usually die in them.
Measurements of leaf blade dimensions (length and width) showed that the average area of leaves with galls was somewhat larger than the average area of leaves without galls (Table 14) . Thus the assumption of CHAN and FORBES (1975) was confirmed that the galls do not cause any reduction of leaf area. However, the length of petioles is markedly greater (on average by 26.2%) in leaves with galls. It is also interesting that with the length of a leaf blade the average length of galls decreases (Table 15) .
From mid-August, the galls gradually open and minute droplets of excrements (honeydew) come out from them as late as mid-October. In street alleys, the excrements often pollute the environment (for example cars parking under the attacked poplars, etc.). Sugar-containing substances included in honeydew are a welcome food for ants, bees, wasps and numerous other insects (e.g. also for the fly Themira putris [L.] from the family Sepsidae -DRAEGER, SCHEURER 1999). In the mass occurrence of galls, decorativeness of poplars grown for ornamental purposes is decreased (RUPAJS 1989; RIPKA et al. 1998; RIPKA 1999, etc.) . 
